Abstract
Introduction
Species richness varies strongly in geographical space (Gaston, 2000) . The rates at which 5 climate. Given the complexity of the empirically inferred relationships between diversification 70 rates and diversity, but also the problems associated with inferring these relationships from 71 incompletely sampled biotas and heterogeneous taxonomic knowledge, we suggest that theoret-72 ical modeling may be helpful to infer conditions under which relationships between variation 73 in diversification rate and species richness in space are expected or not. (Vrba, 1992) ). Yet, linking microevolutionary processes that 83 generate reproductively isolated species to the macroecological patterns in species distributions 84 and richness remain at an incipient stage mostly because of computational complexity.
85
In the present study, we investigate the connections between gene flow and landscape struc-86 ture with the spatial variation in diversification rates and species richness. We also study the 87 emergence of hot and cold spots in speciation rates and how they relate to the distribution of 88 species richness in the landscape. We define hot spots of diversification and species richness as 89 geographic regions with high diversification rates or high species richness, respectively, while 90 cold spots are geographic regions with low diversification rates or species richness. We ask, 91 does the spatial structure of interconnected populations together with the intensity and direc-92 tionality of gene flow influence the formation of hot and cold spots in diversification and species 93 richness? If so, can we make predictions about the biogeography of hot and cold spots? In the 94 present study we take a landscape genetics approach. We implement a neutral population ge-95 netic model for speciation to explore connections between spatial genetic population structure 96 and gene flow directionality with the emerging dynamics of hot and cold spots in diversification 97 and how these relate to spatial variation in species richness. Such an approach wants to make 98 contributions to understanding of how macroecological patterns of species richness may emerge 99 simply as a consequence of microevolutionary processes that act on individuals in populations 100 causing them to diverge, speciate and go extinct in a persistent landscape, i.e., without the 101 need to invoke changing landscapes through time.
102
Our results suggest that landscape structure and the intensity and directionality of gene the complexity considered within each of these three components may have an effect on the 124 dynamics of speciation (Felsenstein, 1981) . In this study, we combine mutation, migration and 125 drift with similarity-based mating in landscape genetics models to explore conditions under 126 which hot and cold spots of diversification form in space. New species arise if a population 127 becomes genetically too distant from its nearest relatives, species spread and go extinct through 128 demographic stochasticity. In the following sections we introduce the landscape genetics models 129 using random geometric landscapes and demographic stochasticity in three different gene flow 130 scenarios, the speciation and extinction concepts used in this study and the method used to 131 track diversification rate.
132

Random geometric landscapes
133
We consider landscapes consisting of randomly located sites (i.e., nodes with a spatial location 134 given by x i and y i ) connected by dispersal events (i.e., links). This spatial network is embedded In the simplest scenario for those i and j connected populations (i.e., geographic distance lower or equal than the radius, d ij ≤ d max ), we consider gene flow of species k is only a function of the geographic distance between site i and j. Gene flow between site j and site i is
where d ij is the geographical distance between site i and j, and m determines the intensity of 171 gene flow. 
Formula (2) assumes that dispersal is directional from sites with higher total geographic distance This is the opposite scenario than the above one: parents are now chosen preferentially from the center. Gene flow from site j to site i is
In this case, offspring move preferentially from the center to the periphery of the landscape. 
211
This matrix is symmetric (q kl = q lk ). We store it as an adjacency list. In order to compute the diversification rate, we track the spatial location of each speciation and extinction event. This information can be plotted after several speciation and extinction events and so we can map where the hot and cold spots in speciation and extinction events are.
Speciation events occur when a population graph split into two or more distinct components (i.e., species). On the contrary, extinction events occur when a population graph disappears because the last individual has died. The spatial location of each speciation event was calculated as the mean geographic distance of all the sites N containing at least one individual that belong to the new species k. This center of gravity of sites containing the new species is given by
and the speciation rate for each spatial location is given by
where G is the number of generations.
13
The site that harbored the last living individual of a given species is considered the spatial location of an extinction event. The extinction rate is then calculated as
and the diversification rate at a given spatial location, Ω x,y , can then be calculated as
Species richness
227
Mapping each speciation and extinction event in the landscape allow us to track the number 
Results
253
In order to connect the dynamics of speciation hot and cold spots formation to biodiversity Our study adds to previous attempts to connect microevolutionary dynamics and macroevolu- 
331
How do hot and cold spot formation relate to sources and sinks and species richness? Our 332 results suggest that hot spots occurred with higher probability in those fractions of the network 333 receiving migrants from a highly diversified set of sources and that these sinks also accumulated 334 higher species richness than the areas in the network that delivered migrants (i.e., the sources).
335
This suggests distinct geographic patterns in the relationship between species richness and the 
343
Our models can also be extended to incorporate climatic regimes and landscape dynamics to 344 provide a dynamic system in which to explore spatiotemporal diversity fluctuations. These 345 extended models can tell us how much complexity is required to make predictions that match 346 periods of peaks or flattened species richness gradients as observed in the fossil record.
347
We contrasted biodiversity dynamics in models with completely symmetric ( Fig of deviation from symmetry and genetic variation. In our study, we contrasted dynamics with 360 migration rates of approx. 0.1 ( Fig. 2A black lines) with those when migration rates were 361 larger than 0.1 but smaller than 0.3 ( Fig. 2A red lines we zoom out an speciation event. The individual with the largest node size dies forming a new
502
"red" species within the site. An speciation event could also occur from an individual dying 503 outside the focal site. C , Depicts a fragmented network generated using d max = 25 km. 
